A 17-year-old man presented with sleeping tendency, tenderness of the back of the neck, and left upper monoplegia after a motorcycle accident. Three-dimensional computed tomography on the 2nd hospital day clearly revealed a type I odontoid fracture. His injuries were treated conservatively and he was discharged on the 60th hospital day, with sequelae due to the cervical root avulsion injuries. Type I odontoid fracture is rare and may be caused by coronal distraction of the head and neck area.
Introduction
Odontoid fracture has been classified into three types by Anderson and D'Alonzo. 1) Type I odontoid fracture consists of an oblique fracture in the upper part of the dens, caused by avulsion of the alar ligament which extends from the tip of the dens to the occipital condyle. Type II fracture occurs at the junction of the odontoid process to the body of the second cervical vertebra and is the most common. Type III fracture extends downward to the cancellous portion of the body and is really a fracture through the body of the axis. Both type II and III fractures are indications for operative immobilization. Type I fracture has only been reported in 14 cases (Table 1) . 1, 3, 4, 6, 13, 14, 16, 20, 21) We describe a case of type I odontoid fracture, with the magnetic resonance (MR) imaging and three-dimensional computed tomography (CT) findings.
Case Report
A 17-year-old man riding a motorcycle crashed into the side of a car after ignoring a red signal at an intersection. He was disorientated, and was transferred to our hospital. His past and familial history showed nothing remarkable. The male passenger on the back seat of the same motorcycle died of brain injury.
Neurological examination showed the patient had a sleeping tendency and disorientated speech, corresponding to a Glasgow Coma Scale score of 13. His blood pressure was 112/86 mmHg and his pulse was 115/min. He had tenderness of the back of the neck, poor reaction of the upper extremities to verbal commands, right shoulder swelling, scrape wounds on the right side of his trunk, and left upper monoplegia. His respiratory sounds were smaller on the left than on the right. Other physical findings were unremarkable. CT of his head was unremarkable, suggesting concussion. Radiography indicated a right humeral surgical neck fracture, a left lung contusion, and a fracture of the upper portion of the axis. His neck was temporarily immobilized with a neck collar. Three-dimensional CT on the 2nd hospital day revealed a type I odontoid fracture more clearly than the cervical radiograph ( Fig. 1 ). T 1 -and T 2 -weighted MR imaging of the axis on the same day showed hyperintense changes caused by hemorrhage around the fracture but no signal changes or compression of the spinal cord at the cervicocranial junction ( Fig. 2 ). MR imaging also showed a shift of the spinal cord to the left at the C5-7 levels, suggesting left cervical root avulsion injuries ( Fig. 3 ).
His concussion, lung contusion, and cervical root avulsion injuries were treated conservatively. He Type I Odontoid Fracture regained consciousness on the 7th hospital day and continued to show left upper monoplegia. Until the 49th hospital day, his neck was immobilized with a halo-vest and his right shoulder was immobilized in the abductor position. After 6 weeks of immobilization, the type I odontoid fracture was stabilized. He was discharged on foot on the 60th hospital day, with sequelae due to the cervical root avulsion injuries. Cervical tomography confirmed fusion of the type I odontoid fracture on the 167th day after injury (Fig. 4 ).
Discussion
Type I odontoid fracture must be differentiated from ossiculum terminale, which is a congenital non-union of the tip of the odontoid process. 18) In our case, the neck tenderness and the MR imaging findings of hemorrhage around the fracture line could rule out the possibility of ossiculum terminale. Three-dimensional CT was also useful to visualize the topographic relationship of the pathological findings to the main anatomical structures. The findings of 17 previous reviews of odontoid fracture, using the classification of the Anderson and D'Alonzo, are shown in Table 2 . 1, 2, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] 17, [19] [20] [21] The frequency of type I fracture was 0.82% (11/1328) among all odontoid process fractures.
The details of the mechanism of injury were described in only three cases of type I fractures. 3, 4, 16) All three cases had head injuries and the impact force was concentrated on the lateral portion of the 11) odontoid fracture 51 0 49 2 0 Ryan and Taylor (1982) 14) odontoid fracture 23 1 16 6 4.3 Waddell and Reardon (1983) 19) odontoid fracture 24 0 20 4 0 Wang et al. (1984) 20) odontoid fracture 25 1 12 12 4.0 Dunn and Seljeskog (1986) 2) odontoid fracture 110 0 88 22 0 Hanssen and Cabanela (1987) 8) dens fracture 42 0 26 16 0 Schweigel (1987) 15) odontoid Type I Odontoid Fracture head, so the head and trunk were pulled apart in the coronal plane, resulting in an avulsion fracture drawn by the alar ligament. Our patient had no obvious head injury because he had worn a helmet. However, consciousness disturbance persisted for several days associated with left cervical root avulsion injury, suggesting that the impact force had caused a left coronal distraction of the head and neck area due to the collision with the car. The second collision with the road resulted in the right humeral surgical neck fracture and the scraping wounds on the right side of his trunk (Fig. 5 ). Conservative therapy such as non-treatment or fixation by a cervical collar or halo-vest results in a favorable outcome as in our case. 1, 3, 4, 6, 14, 20) Only an unconscious patient with an atlantoaxial, atlantooccipital dislocation and a crush injury at the juncture of the medulla oblongata finally died. Therefore, patients with type I odontoid fracture with clear consciousness and no neurological deficit on admission are likely to have a good outcome.
